ABSTRACT W e describe a new method to observe and map morphological and functional characteristics of soil. Drainage and surface hydromorphy were mapped in eleven plots including 16.8 hectares. In the same plots, all trees over 20 cm DBH were inventoried. Structural data of the vegetation are correlated to soils characteristics as well as the frequencies and densities of 32 taxa.
(Office de la Recherche Scientifique et Technique OutreMer) laboratory in Cayenne (Boulet 1978; Boulet et a¿. 1978 Boulet et a¿. , 1979 Boulet et a¿. , 1982 . This method takes into account the three dimensional organization of the soil. It consists of observing the elementary sampling units of surface-relief (watersheds or interfluves) chosen for their physiographic representativity. Exploratory borings are made along straight lines down the slopes, whose degrees are measured with a dinometer, in order to identify soil morphologies and their respective volumes. Based on these data, soil cross-sections are drawn that show lateral variations in soil morphology and the different pedological volumes (Fig. 1) . By additional borings, the projection on the surface of different soil morphologies or soil volumes can be mapped. The points on the map which separate two soil characteristics are linked by "isodifferentiation lines.'' These lines should not be confused with the dassical pedological limits which result in soil maps in two dimensions, dividing the surface in supposed homogeneous areas.
More detailed studies of the soil characteristics are made from within pits which are located by reference to the previously drawn soil cross-sections and map (Fig. 1) . Likewise, soil moisture is measured in order to study the water dynamic.
The representation of the soil mande which results from this approach is made up of a chart of isodifferentiation lines and of vertical cross-sections (Fig. 1) . Except in French Guiana, this approach has only been used in Brittany (Al Siddik 1983) and in Brasil (Queiros Neto et a¿. 1981 ). Therefore it is not possible to foresee all instances where difficulties can appear, for example, when the soil cannot be penetrated with a manual auger. If such obstacles do not appear, the representation with vertical cross-sections and map gives a dear and objective picture of the pedological structure to scientists. These 1 FIGURE 1.
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Representation with map and cross-section of "E" ECEREX catchment area. 
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Horizon with a red n e t w o r k on yellow background becoming w h i t e in depth; sandy clay loamy at its top, becoming loamy in depth:polyhedric structure; fairly developed tu b u l a r porosity, maps are useful to botanists in particular because they allow correlations of soil properties and plant distribution.
BOTANICAL. suRvEy.-The botanical data were collected by CTFT (Centre Technique et Forestier Tropical) and ORSTOM. The CTFT inventory included all trees in the ten watersheds with a DBH greater than 20 cm (Guiraud and Sarrailh 1980) . Each watershed was divided into plots of 400 square meters (20 x 20 m). The tree-plotter spoke Djuka, a language widely used locally. The meaning of the vernacular names used by the tree-plotter was discussed by Lescure (1981) .
In turn, ORSTOM inventoried all trees and shrubs over 1 an DBH in watersheds A, B, C and I as well as in biomass plot. This inventory was based on 100 m2 subplots which were located within the CTFT plots. The treeplotter was an Amerindian from the Wayãpi tribe, whose botanical nomenclatute was documented by Grenand (1980) . Botanical vouchers were collected for many species and deposited in the ORSTOM herbarium of Cayenne. Both CTFT and ORSTOM measuted DBH for each inventoried tree.
RESULTS AND DISCUSSION
PEDOLOGICAL REsmTs.-The soil mantles of the 11 ECEREX plots are representative of those in neighboring areas. n e s e soil mantles indicate different stages in the evolution of an initial cover which changed because of a slight upthrust of the basement rock, resulting in a relative drop in the base level (Boulet et al. 1979) . Duting this transformation, both the organization and functioning of the soil mantle changed, and soil properties were modified. The evolution of the soil mantle, based on current soil cross-sections made in the ECEREX area is illustrated in Figure 2 .
The first stage ( Fig. 2.1 ) corresponds to the initid soil mantle. This mantle is characterized by a top set of horizons that are brown, porous, microagregated, very rich in ferruginous lithorelictual nodules, and more than a meter thick. This porous set overlays and gradually intergrades with another set which is characterized by much less visible porosity of tubular type, and by the lack of microagtegates. This compact set is subdivided into a red, clay-rich top horizon, and a bright red, micaceous silt-clayey bottom horizon. The nodules which are formed our of Zìtbarelictud, fewaginised uncemented volumes, becomes indurated on the top of the compact set. In this first stage, water flow is deep and vertical. This is known as a free vertical drainage (FVD). However, downslope where the water table fluctuates, drainage is hindered when the water level is high. Hydromorphic characteristics only appear at the bottom of the slope.
In the second stage ( Fig. 2. 2), the porous set becomes thinner downslope. When its thidcness is less than 70 un, the compact bottom set becomes dry to the touch and its top is slightly hydtomorphic (presence of a red network against a yellow background). Filtration tests (Humbel 1978) and tensiometric measures (Guehl 1981) show that the dry horizon becomes impermeable, and the water flow becomes superficial and lateral which leads to a higher runoff. The rest of the water drains shallowly under the surface. This is known as a blocked vertical drainage (BVD). Surface hydromorphy advances upslope and surface permeability suddenly decreases after the dtainage is blocked. The nodules which are dispersed in the porous set are concentrated in the horizon where the water circulates laterally.
In the third stage ( Fig. 2. 3), the porous set completely disappears and dry to the touch horizons are present throughout the slope. The water-flow, therefore, becomes entirely Superficial and lateral. The surface hydromorphy invades a large part of the slope and the nodular horizon is omnipresent.
In the fourth stage ( Fig. 2.4 ), the red, clay-rich horizon of the compact set begins to regress upslope. Dry to the touch horizons disappear downslope where a shallow water table is present. The nodules ptesent above the red clayey horizon disappear downslope. The surface hydromorphy keeps the same extension as in the third stage with a few variations related, perhaps, to the degree of sloping.
In the fifth stage ( Fig. 2 .5), the red compact horizon disappears, the bright red micaceous one is replaced by a reticulate horizon subjacent to it. Downstream of the thalweg, the water table rises to the surface. Usually, the nodules remain upslope. This evolution appears to be the result of a depression in the initial soil mantle. From downstream to upstream, and from downslope to upslope, this depression induces the disappearance of the higher horizons of the initial soil mantle (Le., the porous set) and considerably modifies the type of drainage in the soil mantle. Finally, this depression allows the thalweg to incise the general water table store until water table rises to the surface level. This evolution has been established for soil mantles on the Bonidoto-schists. These schists are penettated by large pegmatitic veins which, because of their thick texture, may induce soil behaviour very different from that observed in the schists. However, soils on Pegmatites present the same types and determination of drainage, although possessiing a different morphology from those on schists. This shows the importance of the elementary organization (types of assemblage of the elementary particles among themselves) on such characters as texture; this elementary organization plays a ctitical role in the hydrodynamic behavior of the soil.
Hydrological and hydrodynamical studies confirmed the above ptoposed water dynamics. The existence of the two types of dtainage appeared at the level of one hectare i FIGURE 2. idoro schists.
Stages of development of the soil mantle on Bon-2 3 m plot (watersheds) as well as a hundred square meter one (runoff and erosion plots). Thus, the correlation between runoff in the watersheds and the percentage of the surface where blocked vertical drainage occurs is 0.99 (Fritsch 1981) . Similarly, Sarrailh (1981) , points out large differences in runoff between soils affected by one or another type of drainage. Under forest cover, the annual runoff, in percent of the total amount of precipitation, ranges from 0.6 to 1.4 percent in FVD soils and from 15 to 22 percent in BVD soils. Finally, using tensiometric and neutronical humidimetry, a precise study of the areas where the drainage changes, supports the above mentioned interpretation (Guehl 1981) . Although physical soil properties are variable, Table  1 demonstrates that variation in soil fertility is very low. Most exchange mineral reserves are concentrated in the upper twenty centimeters and especially in the upper five centimeters. Under thirty centimeters, chemical properties are uniform. However, we note higher amounts of superficial organic matter in FVD than in BVD soils. In FVD soils, the amount of organic matter decreases toward the lower part of the slope, and the amount of exchangeable bases varies in the same way. In BVD soils, we cannot observe any variation from up-to downslope, or only a very slight decrease. The contrast between the great variations of the flow patterns, involving variations of water reserves as well as variations of soil's thickness usable by roots, and the slight variations of chemical fertility, justifies that we mainly study the effects of physical properties of the soil. At most, the slightly lower chemical fertility of the BVD soils and its diminution from up-to down-slope will increase the effects of physical characteristics studied here.
Therefore, we shall limit our discussion to the variations to the physical properties of the soil especially those concerning the air-water balance. The influence on the vegetation of other pedological factors-presence of nodules, schists versus pegmatite parent rock-was also studied but revealed no significant correlations. We will examine the following characteristics of the soil's air-water balance: free vertical drainage (FVD); blocked vertical drainage (BVD); presence (Hi-) or absence (H-) of hydromorphic characters in the upper horizons of the soil.
~TRUCTURAL PARAMETERS OF THE TOTAL POPULATION.-we utilize here the data concerning all trees over 20 cm in DBH, and the 20 x 20 m CTET plots. We examine three aspects of the structure: density, basal area and the absolute value of the calculated constant "a" of the semilogarithmic distribution of the diameter dasses.
Following Rollet (1969) we refer to the diameter dass distribution of the entire population calling it total structure, arid estimate that the semi-logarithmic adjustment proposed here gives a satisfactory linear transformation on condition that the population is small enough (covering a few hectares) and that its lower limit is high enough (over 20 un DBH). W e use: The "a" value determines the slope of the adjusted line and thus illustrates the tendancy of population to produce large trees; the stronger this tendency, the smaller the absolute "a" value.
In each plot under study, we established by use of the pedological map, the percentage of surface covered by each of the edaphic factors. Variations of the structural data with these percentages were correlated using Spearman's non-parametric correlation coefficient (YJ We also superimposed the inventory-plot maps on the pedological ones, thus edaphically characterizing each of the 400 m2 plots. Next, we regrouped the plots into plot-populations, FVD, BVD, H + , H-, and calculated the values of the three structural parameters under consideration for each of these plot-populations. Table 2 gives the following data for each studied watershed as well as for each plot-population: tree-popdation density expressed in number of trees per hectare; total basal area; "a" and log b values as well as Y coefficient of correlation of the graphs adjusted to the observed total structure; surface of each studied watershed; and percentage of this surface occupied by FVD, BVD, H+, H-edaphic factors. 1 TAXONOMIC DrsmIBumoN.4ne should keep i n mind that the method used here for inventory, widely employed in tropical forest botany (Maas 1971 , Prance et al. 1976 , Richards 1952 , Rollet 1969 , Schulz 1960 , leads to some taxonomic uncertainty. It therefore becomes difficult to compare populations of all taxa encountered. On the other hand, one can positively identify several taxa at either the specific or generic level. With a sufficient sample size, we can compare the response of these taxa to the different types of soil. We chose 32 taxa, 30 identified at the level of species, and two at the genus one. For each of these taxa, the absolute frequency and the density were calculated, regrouping the plots in populations FVD, BVD,
H+, H-, as mentioned above (Table 3 ).
The homogeneity of these plot-populations were tested with chi-square tests by comparing the frequencies and the densities of different species according to different soil factors. Differences in relative densities were tested by t-tests. Analyses are presented in Table 4. SOIL AND VEGETATION STRUCTURE CORRELATIONS.-hl the 11 sampling stations, densities ranged from 142 to 286 trees per hectare, but the calculated Y, values show no significant correlation between density and cover area for any of the edaphic factors. Basal areas ranged from 18.5 to 32.8 mz/ha, but we found no correlation between basal area and the FVD and BVD cover area. On the other hand basal area and H-k, H-cover area were correlated (1; = -23, P < .Ol); this correlation being negative demonstrates that the surface hydromorphy does not favor large basal areas.
The three structural parameters being closely linked, a difference in basal area without changes in density indicates that the population with the higher basal area produces more big trees than the other one. This is confirmed by the correlation test with the "a" value of the total structure; r, values show a cotrelation between "a" and the cover area variation of FVD (rr = -.50), BVD (r; = .52), H-t-(vs = .70) and H-(1; = -.70); the di- rections of the correlations indicate that FVD and Hfactors contribute to the presence of large trees. The means of the densities of the FVD, BVD, H f and H-plot-populations indicated no influence of these edaphic factors on tree density. The t-values of 1.27 for FVD versus BVD and of 1.31 for H f versus H-were not significant.
The characteristics of the different types of soil help explain observed correlations. In the FVD soils, aeration is always satisfactory. Roots penetrate more than two meters deep. The layer between one and two meters contains, under natural forest, 5 percent of all the roots found in the top two meters (Humbel 1978) . In the dry season, the thickness of soil accessible to the roots compensates the small quantity of available moisture per unit-volume, and probably of available nutrients. Moreover, even during the dry season, these soils retain moisture below one meter. In BVD soils, water availability is extremely variable. In the rainy season, a fugacious "perched" water table circulates between 30 and 50 un in depth. However, water pockets trapped by the subjacent impermeable horizon persist longer than the rainy season. Soil aeration becomes insufficient, at least in some of the horizons. The layer on which roots depend is limited in depth. Humbel (1978) showed that under natural forest, the 1-2 meter layer of BVD soils contains only 0.5 percent of the total amount of the roots present in the 0-2 meter one; this ratio is ten times smaller than the one observed in the FVD soils. In addition, available moisture decreases considerably in dry season. Surface hydromorphy may also influence root development. If affects more roots in BVD soils, where 80 to 90 percent of the total amount of the roots present in the 0-2 meter layer is situated between O and 20 un in depth, than in FVD soils where this upper layer only contains 40 to 70 percent of the total amount of the roots present in the 0-2 meter layer. Moreover, it appears that this surface hydromorphy is not independent of the type of drainage since it covers a smaller area in the FVD watersheds than in the BVD ones where it can extend itself over a considerable area even when the slope is steep (3 0%).
SOIL AND TAXONOMIC D~smrsuTIoN.- Table 6 summarizes the responses of the studied taxa to pedodimate. Some species were more successful on surface hydromorphy and BVD soils, and while others did better on FVD soils without surface hydromorphy. Some species were insensitive to BVD conditions but reacted to surface hydromorphy. Ten of the 32 studied taxa (31%) do not react in any way, either to drainage conditions or presence of surface hydromorphy. Perhaps a larger sample could differentiate patterns.
We note that nine taxa (28%) react negatively to the surface hydromorphy without being affected by BVD conditions, These are Bocoa prouacensis, Brosimtlm guianense, Chqsophyllum prieurii, Licania canescens, Parabancomia amapa, Pouteria ptycbandra, Sclerolobium melininii, Virola melinonii, Xylopia longifolia. On the other hand, only one taxon Parkia nitida, prefers surface hydromorphic soils.
The densities and frequencies of Ocotea guianensis, Pouteria guianensis, Protium sp., Qualea sp., Vouacapotla americana are lower under BVD conditions as well as under surface hydromorphic soils. Inversely, these same edaphic conditions favor the development not only of Sympbonia globalifera, Eperua spp. which are well known in French Guiana for their presence in low, flat, hydromorphic zones, but also of Dicoqnia guianensis, Licania betemmorpba, Manilkara bidentata and Micropholis guyanensis, It is interesting to note, though the present data can not demonstrate it, that in the case of Eperua, certain species may prefer FVD soils (Eperua grandijora) but these species are in minority compared with the dominant Eperaa falcata, and do not present enough statistical weight to influence the result obtained at the genus level. Finally, only one taxon, Escbweilera cowagata, prefers BVD soils, but the advantage that this type of soil offers is lost when the surface hydromorphy takes place. Once again, we note that the influence of surface hydromorphy is greater than that of the BVD factor: 37 percent of the studied taxa respond to differences in drainage conditions, and 59 percent to the apparition of surface hydromorphy.
CoNcLusIoN.-Even the species reacting to the edaphic factors of drainage and surface hydromorphy are not restricted to only one condition. Only Manilkava bidefitata shows a zero-density under FVD conditions in our sample area, but we only found 1 1 trees of this species, and we have observed this species growing on FVD soils outside of the sample area. We used frequency and density to measure the reactions of species to pedological factors, but according to Finkelstein (1983) , Puig and Prevost (1983) , Sabatier and Puig (1983) , those variations are probably accompanied by other manifestations, particularly in growth and phenology.
Finally, our results show that the method of pedological investigation used here, which emphasizes lateral functional variations in soils by the mean of easily observed morphological characteristics, is of great help to botanists. In analysing species distribution and forest structure, this approach should be followed by more extensive studies taking into account on one hand, a larger number of taxa each represented by more individuals, and on the other hand, the analysis of other structural characteristics of the vegetation such as frequencies and size of the gaps, growth of the trees and architectural pattern.
